displayed potentiometric anion-selectivity sequences, which observably deviated from the classical Hofmeister pattern. For the PVC membrane ISE, the complex as an ionophore reversibly combines the anions in a selective fashion, mainly owing to a strong interaction between the ionophore and the anions. Complexes of several central metal ions with different ligands have been reported to display such specific metal-ligand interactions and to induce anion selectivity of the membranes. These complexes differ from the classical anion exchangers; for instance, quaternary ammonium or phosphonium salts, with which the membrane selectivity is mainly dominated by the free energy of hydration of ions involved. 11, 12 Much research work on searching for new ionophores for recognizing specific ions has been carried out to improve the potentiometric characteristics of the PVC membrane ISEs, and to develop them to apply for analysis in actual samples.
Salicylate (Sal - ) is the main hydrolyzed product of tablet aspirin or an aspirin-like substance, which are commonly used as effective analgesics and antipyretics. The conventional analytical method for the detection of salicylate is based on the Trinder reaction, in which the sample salicylate reacts with ferric ions to form a colored complex in an acidic solution. 13 This method always lacks adequate selectivity for the formation of other similar complexes.
Recently, some Sn(IV) compounds have already been used as the ionophore for PVC membrane electrodes with an antiHofmeister selective pattern; most of them are Sn(IV) porphyrin and phthalocyanine complexes, which have to be laboriously synthesized, 7, 8, 14 and most of them are tetra-coordinate and plane molecules. 12, 15 Some pentacoordinate organotin complexes were also reported as being a neutral carrier for salicylate, 16 but they lacked a wide linear response range. The present work describes a novel pentacoordinate organotin, Sn(IV)-SAADB, which can be easily synthesized in the laboratory and displays a good lipophilic nature due to the two butyl as its ligands. The results show that the Sn(IV)-SAADB based electrode demonstrates a highly specific response towards salicylate with a considerably wide linear range and low detection limit. Meantime, we underline the importance of lipophilic ionic additives on the potentiometric response characteristics and selectivity. The results have suggested that Sn(IV)-SAADB acts on the basis of a positively charged carrier mechanism. The electrode has been used to detect salicylate in human urine and medicine with satisfactory results. To our knowledge, it is the first time for Sn(IV)-SAADB to be used as an effective carrier for a PVC membrane electrode. the reaction, anhydrous ether was added to precipitate out the Schiff base of glycine. The product was recrystallized in an alcoholic ether solution. Into 20 ml of dry benzene, 2 mmol (0.23 ml) of Et3N, 1.5 mmol of a Schiff base and 1.5 mmol of (n-C4H9)2SnCl2 in 20 ml of benzene were dropped in within 1 h. Stirring was continued for another 2 -3 h. Any precipitate that showed up was filtered off, and a yellow filtrate containing the product was concentrated in a rotary evaporator to 5 ml. Five milliliters of ligroin (b.p. 60 -90˚) were added to settle out the product, which was collected and recrystallized in a CH2Cl2-ligroin solution. The product had a yellow color, and melted at 123 -124˚C.
Elemental analysis (%) -CO2-2Bu). The structure of Sn(IV)-SAADB is shown in Fig. 1 .
2-Nitrophenyloctyl ether (o-NPOE) was prepared according to literature method. 18 Tetrahydrofuran (THF), dioctyl phthalate (DOP), didecylsebacate (DDS), dibutylphthalate (DBP), trioctylmethyl-ammonium chloride (TOMACl), sodium tetraphenylborate (NaTPB) of pure analytical grade and poly(vinyl chloride)(PVC) of chromatographic grade were purchased from Shanghai chemical Co. (Shanghai, China). All of the chemical used were of analytical-reagent grade. All aqueous solutions were prepared with deionized distilled water.
Apparatus
All potentiometric and pH measurements were made with a Model MP 230 pH meter (Mettler Toledo, Switzerland) or a pHS-3C digital ion analyzer (Shanghai Instruments, China). The a.c. impedance of the electrode membrane was recorded with an impedance measurement unit (IM6e, ZAHNER Elektrik, Germany) equipped with THALES software 6.88. UV-spectra was obtained on a Lambda 17 UVspectrophotometer (P. E. Co., USA). Elemental analysis was performed on a NHC D-6450 apparatus (Heraeus Co., Germany). The melting points were obtained on a melting point stage without any correction (X-5, FuKai Instrument, Beijing, China), 1 HNMR on a Brucker DMX-300MHz FT-NMR spectrometer (Brucker, US) and MS on a VG-7070E-HF meter (VG Analytical, Manchester, England) with electron bombardment of 70 eV.
Preparation of electrodes
PVC membrane electrodes were fabricated from the carrier and assembled according to Thomas and his co-workers. 19, 20 The composition of the membranes was 30.44 wt% PVC, 65.45 wt% membrane plasticizer, and 3.81 wt% ionophore. NaTPB and TOMACl, as lipophilic anionic and cationic additives, were also incorporated in some of the membranes at a ratio of 0.3 wt% (10 mol % respect to ionophore). A mixture of 0.01 mol l -1 sodium chloride and 0.01 mol l -1 sodium salicylate solution was used as the internal filling solution, and a saturated calomel electrode was used as the reference electrode. The electrode cells for potential measurements were of the following cell assemblies: Hg-Hg2Cl2 / KCl (satd.) / sample solution / membrane / 0.01 mol l -1 NaSal + 0.01 mol l -1 NaCl / AgCl-Ag.
Determination of emf response and selectivity of electrodes
Anion selectivity coefficients, log K sal -, pot j n-, were determined by a separate solution method (SSM) 21 using 0.1 M solutions of sodium salts. The solutions were buffered with 0.01 mol l -1 H3PO4 and adjusted to pH 5.5 with a concentrated NaOH solution.
UV-visible absorption spectra
The spectra of the chloroform phase, obtained by shaking a solution of Sn(IV)-SAADB in CHCl3 with aqueous 0.1 mol l -1 NaSal for 30 min, were recorded on Lambda 17 UVspectrophotometer (P. E. Co., USA).
Results and Discussion

Potentiometric response characteristics of electrodes
As previously reported, the sensitivities and selectivities obtained for a given ionophore significantly depend on the membrane ingredients and additives used. 22, 23 A study of the effect of a plasticizer on the potentiometric response characteristics involved four kinds of plasticizer, DOP, DDS, DBP and o-NPOE were used. The composition of the membranes was 30.53 wt% PVC, 65.65 wt% membrane plasticizer, and 3.82 wt% ionophore. All of the membranes were homogeneous, flexible and nonsticky. The obtained results are shown in Fig. 2 . The electrode plasticized with DOP showed the optimal response characteristics towards salicylate, ranging from 1.0 × 10 -1 to 3.0 × 10 -6 mol l -1 with a detection limit of 1.0 × 10 -6 mol l -1 and a response slope of 72.6 ± 1.5 mV per decade. When the other three were used as the plasticizer, the electrode showed a relatively low slope, high detection limit, and long response time.
The properties of ion-selective electrodes (ISEs) based electrically charged and neutral ionophores are strongly influenced by the ionic sites in their membranes. [24] [25] [26] Since the widely used uncharged carriers are neutral when uncomplexed and the complexes have the same charge as the analyte ion, the respective membranes require the additional incorporation of lipophilic ions of opposite charge to obtain a Nernstian response, 27-29 a decrease in the membrane resistance, 30 a reduction in the coion interferences, 31 and an improvement in the detection limit and optimization of the selectivity. [32] [33] [34] In practice, alkali salts of tetraphenylborate derivatives are used for cationic-selective membranes and tetraalkylammonium salts for anion-selective membranes. The incorporation of ionic sites into the membrane is also beneficial for charged carrierbased ISEs. For singly charged anions with a 1:1 stoichiometry in the complex, an addition of ∼60 mol% anionic additive seems to be optimum for an anion-selective electrode.
The improvements over a standard ISE based on the same carrier are: (a) nearly theoretical emf functions, (b) a large decrease in the resistance, (c) an enhancement of the selectivity, and (d) a better long-term stability. [35] [36] [37] [38] As a further extension, the different effects of added ionic sites on ISEs, based on neutral and charged ionophores, can be used to determine whether particular ionophores function as neutral or charged ionophores. [35] [36] [37] [38] The influence of an ionic addictive on the potential response of electrodes assembled with three kinds of membranes was investigated. The composition of the membranes is shown in Table 1 , and their potentiometric response properties in Fig. 3 . As shown in Fig. 3 , it seemed that, without any ionic additive, the salicylate-selective membrane exhibited super-Nernstian response (slope of 72.6 ± 1.5 mV per decade) towards salicylate, ranging from 1.0 × 10 -1 to 3.0 × 10 -6 mol l -1 with a detection limit of 1.0 × 10 -6 mol l -1 (membrane 1). In the case of membrane 2, the addition of NaTPB as anionic an additive apparently caused the slope of the calibration plots to decrease to 62 mV per decade, and slightly narrowed the linear dynamic range, which was from 1.0 × 10 -1 mol l -1 to 6.0 × 10 -6 mol l -1 with a detection limit of 2.0 × 10 -6 mol l -1 . On the other hand, the selectivity was greatly improved (vide infra). For the membrane in the presence of cationic additive TOMACl (membrane 3), the linear dynamic range became wider (1.0 × 10 -1 to 1.0 × 10 -6 mol l -1 ) with a detection limit of 8.0 × 10 -7 mol l -1 , and the slope slightly changed (70.4 ± 2.3 mV per decade). It should be noted that the slopes of the Sn(IV)-SAADB based electrodes toward salicylate were generally super-Nerstian (72.6 ± 1.5 mV/dec for 0% NaTPB; 62 mV/dec for 10% -20% NaTPB; 65.8 mV/dec for 40% NaTPB and 83.5 mV/dec for 60% NaTPB; the percent value is the molar ratio relative to the ionophore) over the salicylate concentration range of 10 -4 to 10 -1 mol l -1 . While the reason for this super-Nernstian response is not fully understood, it is not without precedent among salicylate-selective electrodes, 7, 35, [39] [40] [41] [42] and is thought to be due to a mixed-response mechanism. [40] [41] [42] It should also be noted that differences in the selectivity between adding lipophilic anionic vs. cationic sites appears to be real and significant, especially for lipophilic interfering anions (vide infra), i.e. beyond that expected by taking into account the differences in the slope. This is in accordance with the results of some anion-selective electrodes, as reported previously. 35 The response time (t95%) of the electrode based on membrane 1 was ∼30 s. The standard deviation of the potential reading of the electrode was 0.56 mV (n = 60), which was obtained from a period of 12 h in a 1.0 × 10 -3 mol l -1 sodium salicylate solution of pH 5.5. The same electrode was dipped alternatively into solutions of 1.0 × 10 -3 mol l -1 and 1.0 × 10 -4 mol l -1 sodium salicylate for 4 h (n = 12). After that, it could be obtained that the standard deviation of a Sn(IV)-SAADB based electrode was 0.84 mV. After being used for about seven weeks, no detectable loss in the performance characteristics was found, showing that the carrier Sn(IV)-SAADB was stable when immersing in water.
pH effect on electrode response
Four different buffers, 0.01 mol l -1 H3PO4 solutions adjusted with NaOH at pH 4.0, 5.5, 6.5, and 7.5, were used to study the effect of the pH on the response of the electrodes doped with Sn(IV)-SAADB to salicylate. Figure 4 shows the results obtained when the electrode was immersed into a buffer solution with different pH values. The buffer solutions with pH 4.0 -6.0 were suitable buffers for the determination of salicylate, and at pH 5.5, the analytical signal of the electrode presented a better slope and detection limits for salicylate. The detection limits towards salicylate deteriorated as the pH value of the buffer decreased, since a significant fraction of the salicylate that became protonized below pH 5.5 was not detected by the electrode. At pH > 7.5, hydroxide became the primary analyte anion, and the interference of the hydroxide ions increased, which caused the electrode performance to deteriorate. A similar effect of the pH on the potentiometric response was previously observed with Mn(III) and Sn(IV) porphyrin derivatives. 4, 8 
Selectivity
The most important characteristic of any ISE is its relative response for the primary ion over other ions present in solution, which is expressed in terms of the potentiometric selectivity coefficients. Recently effect of anionic additives on the potentiometric selectivity of membrane electrodes. [43] [44] [45] These reports have demonstrated that the incorporation of a certain ratio of anionic sites into the positively charged carrier-based PVC membrane improves the selectivity of the electrodes. In this paper, the effect of NaTPB on the selectivity of Sn(IV)-SAADB-doped membranes was studied. The compositions of the membranes are shown in Table 1 , and their selectivity coefficients are shown in Table 2 .
As can be seen, the selectivity of the Sn(IV)-SAADB-doped membrane was considerably improved upon the addition of an anionic additive (membrane 2). For membrane 2, the selectivity over other anions, especially ClO4 -, I -, SCN -, was significantly improved. The selectivity pattern for a series anions showed by the electrode is as follows:
The addition of higher concentrations of an anionic additive decreases the selectivity (see Table 3 ), because the high concentration of the anionic sites with the same charge as the parent ion may increase the leaching of the analyte anion. For another case, the selectivity of membrane 3 was worsened in the presence of cationic salt TOMACl. According to theoretical models described in the literature, [35] [36] [37] [38] which predict the effect of lipophilic ionic additives on the selectivity of the membrane electrodes, the results obtained from Table 3 suggest that the Sn(IV)-SAADB ionophore behaves as a charged carrier in the membrane. One possible mechanism could be that in the presence of salicylate the Sn(IV) compound shown in Fig. 1 dissociates; especially, one of the Sn-O bonds dissociates and the overall charge on the Sn(IV) compound becomes 1+. 46, 47 The selectivity of the Sn(IV)-SAADB-based membranes for salicylate over highly lipophilic anions, such as perchlorate, thiocyanate, iodide, and nitrate, clearly shows a deviation from the conventional Hofmeister anion response pattern. This may be interpreted in terms of the special interaction between the salicylate ions and the carrier incorporated in the membranes. Benzoate ions tend to react with the organotin carriers to some extent, showing interference in the salicylate determination. A number of organotin species with better selectivities were reported as carriers for salicylate. [14] [15] [16] 48, 49 A possible reason for the high selectivities was given that the hard metal center in the ionophore endows an oxophilic character on the complex, and interacts with the carboxylate group of salicylate, which acts as a hard base. 15, 26 Mechanism of salicylate response Some lipophilic organometallic compounds were reported as to be ionophores that exhibit an anti-Hofmeister selective behavior. This selectivity is mainly controlled by a specific interaction of the analyte with the central metal of the carrier. In order to investigate the interaction between the carrier Sn(IV)-SAADB and salicylate, UV-spectra were obtained. UVvisible absorption spectra of a chloroform solution of Sn(IV)-SAADB and Sn(IV)-SAADB, treated with 0.1 mol l -1 NaSal, is shown in Fig. 5 , from which the spectral maximum (λmax 288 nm) shifted to 308 nm upon the adding of Sal -ion. The substantial increase in the absorbance at λmax 246 and a substantial decrease in the absorbance at λmax 308 and λmax 396 after contact of the carrier solution with the Sal -ion-containing phase were also observed. The observed changes suggest the occurrence of a specific interaction between the ionophore and the anion in solution. 4, [50] [51] [52] [53] [54] At the same time, the effects of other anions (PhCOO -, I -, SCN -) on the spectrum of the carrier were investigated (Figs. 6, 7, 8) . No detectable changes in the corresponding UV/Vis spectra were noted, except for PhCOO - (Fig. 6, PhCOO  -) , which was the main interference ion in the salicylate determination. This is consistent with the results of the selectivity of the Sn(IV)-SAADB -based electrode.
Preliminary application
To demonstrate the applications of the PVC membrane salicylate-selective electrodes, the electrode based member 2 was used in a potentiometric determination of the content of acetylsalicylate acid, and salicylate in human urine samples. The preparation of pharmaceutical samples for salicylate determination was as follows: 10 tablets of aspirin or APC (aspirin-phenacetin-codeine) were finely powered. An accurate amount of the powder (containing approximate 0.3 g of acetylsalicylic acid) was solved with 10 ml of ethanol, and refluxed with 30 ml of 0.5 mol l -1 sodium hydroxide for about 1 h to be hydrolyzed. After that, the hydrolyzed solution was adjusted to pH 5.5 with concentrated H3PO4, and diluted to volume with NaH2PO4-K2HPO4 buffer of pH 5.5; 20 ml of this solution was pipetted to measure the EMF. The conventional acid-base titration of acetylsalicylic acid was adopted as the reference method. 55 The electrode was used to determine the concentration of salicylate as the hydrolyzed product of aspirin in samples by employing the standard-additions method. The results obtained with the potentiometric method, compared with those of Chinese Pharmacopoeia (C.P.) standard procedure and the label values are given in Table 4 . The results obtained by the two methods agree with the label values very well, but the C.P. procedure is tedious for practical applications. The electrode was used to determine salicylate in human urine. A sample could be easily be prepared by a simple tenfold dilution of urine with 0.05 mol l -1 phosphate buffer solution (pH 5.5). The results are given in Table 5 . A comparison with the results obtained by spectrophotometry 13 (which is based on the Trinder reaction, in which sample salicylate reacts with Fe 3+ ions to form a colored complex in acidic solution) showed good agreement, indicating that the application of Sn(IV)-SAADB was successful.
The results of this study show that a PVC membrane electrode based on a novel Sn(IV) complex, Sn(IV)-SAADB, acts on the basis of a positively charged carrier mechanism. It demonstrates high selectivity and sensitivity towards salicylate with excellent characteristics of a wide dynamic range and a low detection limit. These properties make this electrode suitable for measuring of the concentration of salicylate in actual samples. 
